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Electrocatalysts for oxygen evolution reaction 2
Layered Double Hydroxide

Oxygen Evoluticn Reaction [OER)

& Slow kinetics
# 4-electron transfer step
% High overpotential

Development of mighly active catalysts is indispensable.

H,0=0; +4H + de
123 Vvs RHE

Layerad Double hydroxide: LOH

Fﬁﬂmmm Hydroxide nanoshest

R O B [ e 2
Waier N M=, Cu
ﬂ.rﬂ:ﬂ‘l - .{ " & ,{ N ". '-1:"" F(‘."-“ K+
* Ca? AP

LDH nanosheets show high actvities for OER.

WP =
3 4
Objectives ==Y Synthesis of LDH nanosheets %
Au/NiM-LDH nanosheet Other metal clusters? @ Preparation of LDH nanosheets Anion NFeLDH
Ni(NO3),*6H,0 | Hydrothermal . exchange, Nalnoesheets |
- Charge transfer Efrlg;los)g.gHQO treatment v Exfoliation "\ iFe-ns) g
- Catalytic performances

-Ensemble effects

Further activity enhancement

This study

@ Investigation of effects of clusters on
catalytic  activites of  NiFe-LDH
nanosheets for OER

@ Development of highly active M/NiFe-
LDH nanosheet electrocatalysts for
OER

NiFe-LDH nanosheet

G. Abellan et al., J. Mater. Chem., 2010, 20, 7451

TEM

Monolayer NiFe-LDH nanosheets were successfully prepared.

Catalytic properties of M/NiFe-ns

Summary

Reaction steps for OER

M3  +H,0 - M¥—OH +H*+e (1)
(M*—OH —M¥*=0 +H+e @)
( M3*=0 + H,0 — M**—QOH + H* + & 3))

M3*—OOH —M¥ +0O,+H"+e (4)
Strong : Rate-determining step (3)

M3*=0 bonding energy .
Weak : Rate-determining step (2)

Excess amount
s e o

NiFe-LDH: Strong bonding energy : (3)
Decrease of bonding energy
— Decrease in OER activity

N2+ Ni2* Fes*

Activity enhancement by control of oxidative states of Fe3*

active IrO,/NiFe-ns through dual enhancement.

€ Loading of Au, Pt and IrO, clusters enhanced the catalytic
activities of NiFe-LDH-ns.

€ The activities of NiFe-ns depended on the oxidative
states of Fe3* active site regardless of clusters.

@& The IrO, clusters also works as OER catalyst and
IrO,/NiFe-ns showed higher activities than those of Au,
Pt/NiFe-ns in the more positive potential.

We clarified effects of loading of clusters on catalytic
activities of NiFe-ns and achieved to synthesis highly
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Renewable energy-  Oxygen Evolution Reaction Layered Double Hydroxide: NiFe-LDH nanosheet Enhancement of catalytic activity
derived electrici OER LDH {
ty ( ) doice — .= - . Com::jnaltio{l with
40H- - O, + 2H,0 + 4e- nanosheetm ......_-.- = - ‘ I oliation gold clusters
1.23 Vvs RHE Water =~ = Moroiyer b }‘.l ‘ Improvement
(in alkaline solution) Anion E O O O A LDH nanosheets ~ of conductivity ~ Au/LDH-ns

Carbon nanotube (CNT) /N|Fe—LDH (LDH-ns) electrocatalyst

@ 4-electron transfer step ) ’;I 1= Au cluster e b -Change in electronic
0, @ Highoverpotential 2' Hydroxide nangshiet - — Iy | S -Stability states of Fe® active
Slow kinetics ma, M :ma" S:G‘ b ] _,!" ! _% 21+ -High conductivity L sites
\ T ¥
: : M?: Mg2, Zn2* J.Am. Chem. Soc. 2013, 135,846 —

H,0 H,0 Il_“gthly aftllvet 3 LLELLS Y Improvement of conductivity Synthesis of a highly active LDH-based
Water electrolysis glectrocatalysts @ Low conductivity @ Instability of carbon materials electrocatalyst by loading of Au clusters
Results and discussion

Synthesis of NiFe-LDH nanosheet Characterization of NiFe-LDH nanosheet
Ni(NO),-6H,0 : 60 mM | [NiFe-LDH CO,> .
. =0. nm L
Fe(NO3);+9H,0 : 20 mM +—ClO, exchange solution ) | NFelDHCOR . ] !
Urea : 140 mM Methanol + aq. HCIO, d=0.921nm
Distilled water : 40 mi 50 ml (CIO;/CO*= 2.5) _LJL__,EF:&“C&
Triethanolamine : 50 mM Stirring with Ar flow : 1h N, (00 (O 03610
Washing : methanol ] S 388 8
Hydrothermal Drying, 24 h S g 8ee ¢
treatment T % s R
150°C, 36 h [NiFe-LDH CIO, 20i8ees)
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lashing, drying «— Formamide _ H
= Stirring with Ar flow 3 2
NiFe-LDH GO ‘ " g m c
Ni:Fe=3:1 f NiFe-LDH nanosheet £ |NiFeLDH cio; H
(NiFe-ns) £
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Wavenumber (cm")

G. Abellan, et.al., J. Mater. Chem., 2010, 20, 7451
lyi, et.al., Appl. Clay Sci., 2011, 54, 132

Height (nm)

Synthesis of gold nanoclusters ——— — Synthesis of Au/LDH-ns —

DMF : 5 ml DMF : 5 ml DMF : 5 ml Colloidal Au: 30l | % 2
HAUCI, in DMF HAUCI, in DMF HAUCI, in DMF [ NiFe-ns: 150
:100 mM, 150 ul‘ -f:mo mM, 150 u|‘ 1100 mM, 375 ul] | ife-iied150E E

Heating with stirring  |Heating with stirring | Heating with stirring Mixing, stirring

:150°C, 4 h :150°C, 8 h :150°C, 2 h

Au/NiFe-
‘Au cluster : S ‘ ‘Au cluster : M ‘ ‘Au cluster : L ‘ [@ -
~ [Au ratio : :I - g
- 4 o
A Au cluster i OlgEste
HAUCI,
A 12 pl
Drying at 125°C
DMF—s s 150C ) .
Colloidal solution (10 ppm) Au/NiFe-ns Cluster Slze : S < M < L

on rotating disk electrode

XAFS measurement (Au(S)/NiFe-ns, 2wt%) Catalytic performances
20/ LSV (iR-corrected) Effects of Au ratlo
S [Fe Ll —Au foil / 0348 ‘AUNiFe-ns (S)
R g ~ _,__._,v-/\/\_./—- o @ e AU/NiFe-ns (M) |
g %0 Reduction M E 154 - £ F AuNiFe-ns (L)
H i g Au(OH), < Au/NiFe-ns g 032
£ Eosd =05 No change £ 0 "
£ ° 2 = | (5. 2%t%) | NiFe-ns 2
< o Z 101 g o3
11505 11810 11515 11620 11625 T8 M0 T4 i 8330 eaas smu 835 6350 —Au clusters (S) 5 ro,| £
Energy (eV) Energy (eV) gy (eV) © 2 5
h WAV N\ = £ 028
- =
o 54 <3 i
e Charge transfer from —— Au/NiFe-ns (S) 2wt% £ . g . .
Au clusters to nanosheet 9 ) | Qo T®e«goy ]
T T T 0 f T T — . . . s -

o 1 2 3 4 5 6 7

Change in electronic state 0 ! Dis(anzce A . 4 140 ;gtse nti;is(?/ vs1|§5l—?E) 1.60 Au ratio (wt%)
of Fe active site Au clusters bonded to oxygen . o
of NiFe-ns. Au/LDH-ns showed high activities for OER.

Conclusions

@ The Au/NiFe-ns showed much higher activity than that of NiFe-ns, indicating that application of Au clusters to NiFe-ns significantly
improved catalytic activities.

@ Performances of the Au/NiFe-ns electrocatalyst depended on size and amount of gold clusters, and smaller Au clusters were preferable
for higher performances of the Au/NiFe-ns.
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